Red palm oil is the richest natural source of valuable minor components such as carotene. Although a highly valued product, carotene unfortunately is destroyed in refining process. Deodorization is one of the refining steps which will thermally destroy all carotenes. This paper describes method of preserving the carotenes in neutralized red palm oil (NRPO) by the use of moderate temperatures of deodorization after chemical refining process for pilot plant scale (100 L). Deodorization was conducted at 130, 140, and 150 o C under 20 mmHg. 20 L/hour of nitrogen was used to deodorize neutral oil. After 1 and 2 hours, NDPO (Neutralized Deodorized Palm Oil) was then analyzed for some quality parameters, including moisture content, free fatty acid (FFA), total carotenes, peroxide value (PV), color, and odor. All treatments had good performance to reduce moisture content and PV. Considering oil quality parameters, deodorization at 140 o C for 1 hour was recommended to produce NDPO with high carotene retention. It could preserve carotene almost 70%. All treatments could not reduce FFA and all volatile components of odor although NRPO was deodorized for 2 hours at 150 o C. Off flavor characteristic of 'palmyodor' could not be removed at all since moderate temperatures were used.
Introduction
Red palm oil contains about 1% of minor component including carotene. The nutritionally important components such as carotenes and tocopherols also improve stability of the oil. The carotene content in crude palm oil varies between 500 and 700 ppm (Goh, Choo, and Ong, 1985; Ooi et al., 1996) .
In physical refining, deodorization is a steam-stripping process responsible for vaporizing odoriferous compounds and FFA from the oil, carrying them to the distillate, and producing edible oil. Although it targets only these undesirable compounds, other components with comparable volatilities are also lost.
In chemical refining, crude palm oil (CPO) will be processed to edible oil through a series of steps, namely degumming, neutralization with caustic, bleaching, and deodorization. All impurities such as phosphatides (gums), free fatty acids, oxidation derivatives, metals, pigments, and undesirable odoriferous compounds will be removed. In refining of commercial palm oil carotene are first partially removed by adsorption on an activated earth, following with high temperature steam deodorization which destroys the remaining carotene to produce light yellow stable refined oil (De Greyt & Kellens, 2005) . Modification of refining process to preserve carotene needs to be established as well. Ooi et al. (1996) reported that the use of molecular distillation produced red palm olein containing carotenes more than 500 ppm. Molecular distillation is an expensive process and therefore the product is prohibitively costly and thus the process is commercially unviable. In another report, modified deodorization of palm olein was described, preceded by degumming, bleaching and chemical deacidification steps (Ooi et al., 1996; Yusoff et al., 1996; Bonnie and Choo, 2000) . Mayamol et al. (2007) offered an alternative technology to produce Red Palm Olein (RPOn) for pilot plant scale and could retain more than 80% carotenes (445 ppm). The process has been released to industry for commercial production of RPOn in India. In Indonesia, technology of red palm oil refining for pilot plant scale has not been well established. Lack of studies was an obstacle to implement the process commercially.
Deodorization is a crucial refining stage with an important effect on the quality of refined oil since it is usually the last refining process step. Distillation under vacuum was a principal process in deodorization. The purpose of this process is the removal of undesired volatile odoriferous components in vegetable oils, namely aldehydes, ketones, and free fatty acids. Among them the heavier free fatty acids have the lowest vapor pressure and therefore they are the least volatile components (Bockisch, 1993) . Long time exposure of high temperature in deodorization enables carotene to be destroyed therefore the process needs to be controlled to minimize carotene decomposition.
This study was conducted to obtain the best mild deodorization condition to refine red palm oil for pilot plant scale (100 L) and produce neutralized deodorized palm oil (NDPO) as well. Nomenclature 
CPO

Materials and methods
Materials
Neutralized red palm oil (NRPO) was used for this study. It was obtained through a series of refining steps before. First, crude palm oil (CPO) was refined chemically by degumming and caustic deacidification (Widarta, 2012) . CPO was obtained from PT Sinar Meadow International Indonesia. Nitrogen was used as stripping gas. The analytical grades of chemicals were used for analyses.
Equipment
The equipment used for deodorization was a batch deodorizer (vacuum distillation system) with a capacity of 100 L. Deodorizer was a horizontal cylindrical stainless steel SS 316 type vessel of 100 L capacity, which contains a specially designed baffle system to distribute nitrogen that promotes efficient mixing of oil. The vessel is provided with stripper column consisting of some trays with a compartment in each tray. It was provided both by internal heating system with electrical heating element, shell and tube heat exchanger (2 pass, triangular pitch ¾"); a shell and tube heat exchanger two pass, triangular pitch ¾" for condenser; 10 L capacity of fatty acid collector (distillate collector) made of stainless steel with sight glass were used. The vacuum condition was supplied by a rotary vacuum pump with a working vacuum of 5 mmHg maximum. The system was provided also with product pump, panel control, manometer, and thermocouple and gas flow meter.
Analysis was conducted with laboratory standard equipment such as UV-Vis spectrophotometer, oven, desiccator, analytical mass balance, hot plate, Lovibond tintometer, titration apparatus, and laboratory glassware.
Deodorization Performance Test
The performance test was conducted to observe ability and stability of oil deodorization by setting conditional parameter. One-hundred kilograms of NRPO was taken to batch deodorizer. The oil was agitated in vessel for ten minutes on 46 ± 2 o C by an oil pump. 500 mL of NRPO was then sampled to analyse for quality parameters before deodorizing oil. Furthermore heating was conducted to reach required temperatures while vacuum pressure was maintained carefully. Nitrogen was flowed gradually at 20 L/h while deodorizing the oil. 
Deodorization
Different temperatures and deodorization time were selected as conditional variables to observe the effect of temperature and time on oil quality. Deodorization was conducted on 130, 140, and 150 o C for 1 and 2 h. Each variable was carried out in duplicate. The complete randomized factorial was used for the experimental design technique. Various quality parameters of oil were analyzed both before deodorizing and after deodorizing oil.
Analysis of oil
The various oil quality parameters were determined following: moisture content (air oven method, AOAC 926.12 1995), free fatty acid (titration method, AOCS Ca 5a-40 2003), total carotene (spectrofotometer, PORIM 2005), peroxide value (titration method, AOCS Cd 8-53 2003), color (Lovibond Tintometer Model F, PORIM 2005), odor (organoleptic method, Meilgaard, 1999) .
The parameters were used to determine retention of carotene, reduction of moisture, FFA, color, PV and odor. These parameters were transformed to moisture content reduction level, carotene retention, FFA changes, and PV reduction level. Odor was described as odor intensity level using scoring method.
Statistical Analysis
Analysis of variance (ANOVA) was used to observe temperature and deodorizing time dependence to the oil quality parameters at significance level (α) of 0.05. Further significance difference was tested by DMRT (Duncan's multiple-range test). SAS v6.12 was used for data analyses. The bar graphs and error bars were generated by using Microsoft Excel v2010.
Results and discussion
Moisture content
Moisture contents of the oils on each treatment were showed in Table 2 . No significant differences were noted among the treatments. Deodorization at 130, 140 and 150 o C for 1 and 2 hours could reduce all moisture contents although there were various different moisture contents before deodorizing the oils. Water content reduction was caused by the water molecules that evaporate during a deodorization process under vacuum conditions. In theory, the vacuum pressure causes an increase in the vapor pressure of water molecules, making the water more easily evaporate at a temperature below the atmospheric boiling point. The combination of high temperatures and low pressures (subatmosferic) helps the evaporation of water molecules, which are then stripped mainly through absorption into nitrogen gas bubbles (Tsiadi et al., 2001 ). 
Carotene retention
The results presented in Fig.1 indicate that about 70% of the carotenes were preserved after deodorization at 130 and 140 o C for 1 hour (no significantly different between these treatments). Carotenes significantly decreased to the lowest level of 51.5% after deodorizing oil at 150 o C for 2 hour. Mayamol et al. (2007) reported that at 150 o C there was a faster rate of destruction of carotenes in red palm olein (RPOn) with final value of 70% retention at the end of 2 h deodorization under 1 mmHg vacuum. 
Oil color
Figure 2 describes red color reduction level of red palm oil after deodorization. Red color was measured by Lovibond Tintometer. The range of reduction level was 2.50-4.05. The red oil color decreased during deodorization or any heat treatment. The carotenoids are the main source of yellow/red color of the oil, and they are susceptible to heat destruction. Carotenoids were destroyed by heating during deodorization, which resulted in decreased red color (Eskin, 1979) . 
Free fatty acid (FFA)
The FFA level was measured after deodorizing NRPO for each treatment (Table 3 ). There were no significant changes in FFA after mild deodorization although it slightly increased after deodorization. It could be resulted in concentrated effect of the oil because of volatilization of parts of components. Among the volatile components, the heavier free fatty acids have the lowest vapor pressure and therefore they are the least volatile components (Bockisch, 1993) . Temperature and deodorization time did not significantly affect the FFA therefore it needed temperatures higher than 150 o C for reduction by nitrogen (Yusoff et al., 1996) .
Peroxide value
Deodorization significantly reduced peroxide value (PV) (Fig. 3) . At 150 o C, reduction level of PV was 99.7%. The lowest reduction occurred on deodorization at 130 o C for 1 hour was 83.6%. At this temperature, deodorization time was significantly different for 1 and 2 hours. No significant differences on PV reduction were observed for the other treatments. Tsiadi et al. (2001) reported that decomposition of PV occurred at more than 100 o C. Hydroperoxide as a primer oxidation product will be decomposed to volatile and non-volatile lower molecular weight components such as aldehyde and ketone. 
Odor
Odor of oil samples were assessed organoleptic on a scale of 0-10 which is called odor intensity score. The highest odor intensity score of 10 was given for NRPO sample (extremely strong odor) and 0 was the lowest odor intensity score given to commercial palm oil sample (bland odor). Using 14 trained panelists, oil samples were assessed. Fig. 4 shows the results of the odor assessment. There were influences between temperature and deodorization time to odor intensity. The results showed that increased temperature could reduce odor. Longer deodorization time could reduce more odors even though at 140 o C, no significant differences were found between 1 and 2 hours of deodorization time. Odor was reduced significantly at 150 o C for 2 hours deodorization which gave score of 2.0 and the lowest reduction of 4.3 occurred at 130 o C for 1 hour deodorization. Deodorization under mild condition was done to preserve carotenes which give natural red-orange color in the oil. The deodorization could remove all oxidative and off-flavor components, but residual, unpleasant 'palmy/fruity' odor may remain. Mayamol et al. (2007) found characteristic fruity odor in RPOn deodorized at 130 o C under 1 mmHg even after 2 hour of deodorization.
Quality parameters of Neutralized Deodorized Palm Oil (NDPO)
Among various treatments done above, the moderate temperature of 140 o C for 1 hour was recommended to deodorize NRPO. It was mainly selected based on high carotene retention of about 70%, having high PV reduction level, and the most important was giving good odor reduction. Quality parameters of processed red palm oil are given in Table 4 . The NDPO could preserve carotene up to 375 mg/kg. Free fatty acid could be more reduced in neutralization stage (chemical refining) before deodorizing the oil. Widarta (2012) reported that neutralization stage of NRPO for pilot plant scale could reduce FFA to 0.13% with 87.30% of carotene recovered in oil. 
Conclusion
Deodorization at moderate temperatures (130, 140, and 150 o C) and under 20 mmHg could give good performance to reduce moisture content and peroxide value (PV). The deodorization was recommended to be carried out at 140 o C for 1 hour based on good carotene retention of almost 70%, good PV reduction level, and the most important was giving high odor reduction. All treatments could not reduce FFA and all volatile components of odor although NRPO was deodorized for 2 hours at 150 o C. Off flavor characteristic of 'palmy odor' could not be removed at all since moderate temperatures were used. Using good quality NRPO was suggested to fulfill edible oil specification especially for FFA since the FFA was less volatile than odoriferous compounds. CPO containing high carotene content is the best choice to produce NDPO with higher carotene retention. The NDPO was recommended as intermediate of palm derivative products since residual, unpleasant 'palmy odor' was retained in the oil. Masking the product with a pleasant flavor is one of the good options to solve the odor problem. And further organoleptic preference test should be conducted to the food products.
